Abstract. According to the equilibrium condition of geometry relationship, we derived the formulas that can be used to calculate the loss of prestress of prestressing tendons with the double-end tensioning and the asymmetrical arrangement parabolic curves. Through an example of the bridge engineering, we described in detail the complete procedure of the proposed formula method, and it is shown that the proposed method is simple and practical. Comparing with the Midas software method would prove to be accurate. This work could be used to calculate the losses of prestress for 2-dimensional parabolic prestressing tendons.
Introduction
Post-tensioned prestressed members have been widely applied in the roads, the bridges, the buildings and the municipal engineering. For the prestressing tendons of parabolic curves, losses of prestress due to friction have two ways in tensioning stage: the one is the effect of the bent duct, the other is the effect of the local deviation of ducts. The effective prestressing force was very importance factor in order to ensure the construction quality of the tendons. Thus, it is vital to make more exact calculation of prestress losses. China and America bridge specifications [1] [2] [3] gave the description of calculating prestress losses, but not specific formulas. Here, basing the equilibrium condition of geometry relationship, we would derive the basic formulas of prestress loss and give the specific formulas to calculate the parabolic bending angle and curve length. The stress balance point would be presented when the prestressing tendons adopted the double-end tensioning and asymmetrical layout. Finally, we would give an example of bridge engineering.
Stress balance point
When the prestressing tendons were the single-end tensioning or double-end tensioning and symmetrical layout, we may calculate pretress loss of every segment one by one; when the double-end tensioning and asymmetrical layout, the values are not easy to obtain. We have to calculate every segment one by one from two endpoints, respectively. Due to the friction, the prestress value of the tendons must gradually decrease a certain value in a certain point to make the system achieve balance. We called the "a certain point" as the "stress balance point" or "fixed point in theory".
It was assumed that the prestress values of two endpoints can be defined as i  and 1 i   , respectively. According to the force equilibrium condition, the following is obtained:
So we can get the expression: 
Formulas derivation
There is 2-d parabolic curve ( 2 y ax  ), the stress balance point is the point O, as shown in figure 1 . According to the Frenet formulas of differential geometry theory, we can obtain the 2-d general expressions for the curvature, bending angle and curve length s as:
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On the basis of the Eq. (4), the expression of curve length may be taken as:
On the basis of the Eq.(5), the expression of bending angle may be taken as:
Reference the figure 7, considering the tendons layout is general flat, the curvature radius of the parabola may be replaced by the value of the vertex.
Substituting 0 x  into the Eq.(3):
The curvature radius of the parabola is
The curve length 1 2
By substituting the Eq. (9) and Eq. (10) into the Eq.(2), the following is obtained:
Example and Discussion
An example is a prestressed concrete bridge of continuous curved box-girder, which is12m wide. The span distributions are 28m and 24m. The drawing of the curved bridge and prestressing tendons N1 referred to the figure 2. The projection of the tendons N1 is composed of multiple lines and parabolic curves in the horizontal plane. The curve segments have BC, DE, EG, GH and IJ, the line segments have AB, CD, HI, and JK, as shown in the figure 3. Every parabolic segment has the same curvature, the parabolic equation expressions may be written as: Y=0.08X The formula method. We need to divide into ten segments according to the characteristics of the tendons. Then , we have to calculate every segment one by one and find the location of the stress balance point. By using the Eq.(6), and Eq. (7) , we can calculate the prestress losses from the point A to K and point K to A, respectively. The obtained data of nodes would draw two monotonic decreasing curves, as shown in figure 4 . From the above figure5, we can find that the prestress loss curve of the formula method is in good agreement with the Midas method, the values have little difference between the two calculation methods. Refer to the table 1, the numbers show that there is 17.29 (MPa) difference for the stress value in the fixed point O between two methods, it is only 1.74 per cent of the Midas method; the length deviation of the segment AO is 0.064 (m) difference, it is only 0.22 per cent of that.
These data indicate that the difference is very little between the two calculation methods. The little error possibly source from the accumulation of rounding error and (or) density of element division, et al. Therefore, by comparing the two methods, the Formula method is proved to be accurate.
Conclusions
In this paper, we have analyzed the two-dimension parabolic curves which were normally used in the prestressed concrete structure. Based on the equilibrium condition of geometry relationship, the stress balance point was presented when the prestressing tendons in tensioning stage were the double-end tensioning and asymmetrical layout, the specific equations were derived to solve the corresponding angle and curve length for the two-dimensional parabolic curves.
Through an example of the bridge engineering, we described in detail the complete procedure of the proposed formula method, and it is shown that the proposed method is simple and practical. By compared with the Midas software method, the accuracy of formula method can be proved. This work could be used to calculate the losses of prestress for 2-dimensional parabolic curves prestressing tendons in prestressed concrete structure.
